Autofluorescence in the Stem Cell Region of the Hair Follicle Bulge  by Wu, Bryan P. et al.
Autoﬂuorescence in the Stem Cell Region of the
Hair Follicle Bulge
To the Editor:
Stem cells of the hair follicle are located in the bulge region
of the follicular isthmus, in a region that specifically ex-
presses keratin 15 (Lyle et al, 1998; Liu et al, 2003). Because
stem cells can be localized in tissue samples, these cells
are being increasingly studied to further elucidate hair bi-
ology. Some methods of study use fluorescent antibodies,
the presence of which is noted by exciting the reacted tis-
sue with specific and limited wavelengths of light. We report
the phenomenon of autofluorescence by cells in the human
hair follicle, strikingly localized to the bulge region, inci-
dentally observed upon reviewing negative controls in
fluorescent antibody studies. The presence of this auto-
fluorescence must be considered when analyzing immuno-
fluorescent studies to avoid potential misinterpretation. In
addition, the findings add insights into the biochemical na-
ture of stem cells.
Follicles were prepared from skin obtained from facelift
procedures with Institutional Review Board approval and in
compliance with the declaration of Helsinki guidelines. Skin
samples from two patients were rapidly frozen in OTC and
then 5 mm frozen sections were cut. Additional samples
were used to obtain plucked follicles by the following tech-
nique. The skin was placed in Dulbecco’s modified Eagle
medium (DMEM) supplemented with penicillin and strepto-
mycin. The tissue was cut into pieces approximately 1 cm
wide and 1–3 cm long. Fascia and deep fat below the
follicular bulbs were removed. These trimmed fragments
were then placed in DMEM containing 4 mg per mL of Di-
spase (Sigma, St. Louis, Missouri), and digested either
overnight at 41C or 1–3 h at 371C. Following digestion, the
tissue was washed once in sterile phosphate-buffered sa-
line (PBS), and then placed into fresh DMEM on ice. Hair
follicles were plucked under a dissecting microscope and
segregated according to the stage of the hair cycle. Plucked
whole follicles and frozen sections were then examined un-
der a Zeiss Axiophot fluorescence microscope using Zeiss
DAPI (Carl Zeiss, Inc., Thornwood, New York), fluorescein
isothiocyanate (FITC), and rhodamine filters. The DAPI #02
filter excites at 365 nm and emits at 420 nm (blue); the FITC
#09 filter excites between 450 and 490 nm and emits at 515
nm (green); and the rhodamine #15 filter excites at 546 nm
and emits at 590 nm (red). Follicles studied under the FITC
and rhodamine filters were coverslipped with PBS or Vecta-
shield Mounting Medium with DAPI (Vector Laboratories,
Burlingame, California), which helps preserve fluorescence.
Those examined under the DAPI filter were mounted with
PBS to eliminate nuclear staining from the Vectashield. Au-
tofluorescence localized to the peri-nuclear cytoplasm of
bulge keratinocytes and was seen with the DAPI, FITC, and
rhodamine filters (Fig 1). Over 20 whole-mounted anagen
follicles and 20 frozen sections were examined, and all
showed autofluorescence to a similar degree. Five telogen
follicles showed the same phenomena (data not shown).
In order to exclude artifactual autofluorescence second-
ary to the preparation of the follicles, controlled variations to
the preparation procedure were introduced to evaluate for
changes in autofluorescence. Similar intensities and pat-
terns of autofluorescence were noted in plucked follicles
digested either overnight at 41C or 2 h at 371C. The effect of
different fixatives (acetone, methanol, formalin, and para-
formaldehyde) was also assessed for plucked follicles. After
10 min of fixation, all of the follicles (five whole follicles for
each fixative) showed autofluorescence, and the intensity of
the autofluorescence did not vary among the hairs prepared
in different fixatives. Next, follicles kept fresh and prepared
by the different fixatives were examined immediately and 60
min afterward to ascertain whether the time elapsed since
preparation would affect autofluorescence. The intensity of
autofluorescence did not change over the 60-min interval
for any of the fixatives tested. The follicles were then im-
mersed in a reducing agent (20 mM sodium sulfite) for 5
min, which extinguished the autofluorescence for all prep-
arations.
Frozen tissue sections (two sections for each fixative)
were also evaluated as above and gave similar results. In
addition, frozen sections were fixed in acetone for 5 min and
then processed for immunofluorescent antibody staining
against keratin 15 as previously described (Lyle et al, 1998).
Examination of sections showed co-localization of autoflu-
orescence in keratin 15-positive cells in the bulge region
(Fig 2). Pre-treatment with a reducing solution (0.1 M glycine
in PBS) eliminated the autofluorescence in frozen sections.
All sections that contained the bulge region showed auto-
fluorescence. The autofluorescent molecules, however, are
localized to a very distinct region within the cell and thus
may not be visualized in every bulge cell within the tissue
plane of section.
Other workers have noted autofluorescence in a variety
of human and animal tissues and cell lines. Multiple groups
found that autofluorescence inversely correlated with met-
abolic and proliferative activity and hence the redox state
(Poot et al, 1985; Shimazaki et al, 1993; Drezek et al, 2001),
and this may explain the autofluorescence in the relatively
inactive stem cells. Benson et al (1979) reported overlap-
ping fluorescence spectra of various animal cell types withAbbreviation: FITC, fluorescein isothiocyanate
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those of purified flavin adenine dinucleotide (FAD), flavin
mononucleotide (FMN), and riboflavin. Furthermore, the au-
tofluorescence intensities in all cell lines decreased mark-
edly upon the addition of the reducing agent sodium
hydrosulfite. When air was bubbled through the reducing
solution, the fluorescence intensity rapidly returned to the
previous level. These authors proposed that autofluores-
cence between the wavelengths of 500–600 nm was be-
cause of flavoproteins; autofluorescence at 450 nm was
attributed to reduced nicotine adenine dinucleotide (NAD)
within the tissue (Benson et al, 1979). Nokubo et al per-
formed a similar study on rat liver plasma membranes.
When excited with a 468 nm blue light, the membrane
preparations displayed an emission pattern with a maxi-
mum at around 525 nm. This pattern closely resembled that
of flavin compounds, confirmed by analyzing the fluores-
cence patterns of authentic riboflavin, FAD, and FMN (No-
kubo et al, 1988, 1989). In their study of human neutrophils,
Petty et al used a 350 nm excitation wavelength and found a
direct correlation between autofluorescence at 450 nm and
the concentration of intracellular nicotine adenine dinucleo-
tide phosphate (NADPH), confirming earlier results from
purified NADPH and establishing light emission in the 450
nm-region as a useful measure of metabolic activity (Liang
and Petty, 1992; Petty et al, 2000).
Autofluorescence in the follicular bulge can be a con-
founder when using fluorescent antibodies to study the
stem cells located there. This cytoplasmic autofluorescence
can be seen when using common fluorescent microscope
filters. The method of preparing the hair follicles does not
appear to affect the intensity of autofluorescence. The in-
tensity, however, is significantly reduced when the follicle is
exposed to a reducing agent. Based on these results, care
should be taken to prevent background fluorescence with
reducing agents to aid in the evaluation of fluorescent stud-
ies of this region of the hair follicle.
In conjunction with published biophysical studies, the
finding of autofluorescence in bulge stem cells may be be-
cause of high levels of flavin- and NAD-related compounds,
likely related to the redox state and quiescent nature of
these cells. These results also suggest a unique metabolic
status of bulge cells. This is consistent with recent micro-
array data showing upregulation of genes involved in main-
taining the quiescent nature of stem cells present in this
region (Morris et al, 2004), as well as changes in expression
of metabolism-associated genes within stimulated bulge
cells (Roh et al, 2004). Because cellular autofluorescence
can be detected using flow cytometry (Poot et al, 1985), this
phenomenon could also be used to develop a cell-sorting
protocol to isolate human bulge cells.
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Figure2
Autofluorescence of bulge region keratinocytes on cryostat sec-
tions of follicles. Under the fluorescein isothiocyanate (FITC) and
rhodamine filters, respectively (A, B), autofluorescence was seen in
basal layer keratinocytes (location of basement membrane marked by
dashed white lines). A double exposure of the same region on a Vecta-
shield-mounted slide under the DAPI and rhodamine filters (C) shows
the red autofluorescence in a peri-nuclear pattern. Frozen sections
were also stained with anti-keratin 15 antibodies using a rhodamine-
labeled secondary antibody and imaged under the FITC filter (D), and
rhodamine filter (E). The green autofluorescence co-localizes in the
keratin 15-positive cells. Scale bars: (A–C) 20 mm; (D, E) 10 mm.
Figure1
Autofluorescence of bulge re-
gion keratinocytes in whole-
mounted follicles. Fluorescent
microscope examination with a
 10 objective under the fluo-
rescein isothiocyanate and rhoda-
mine filters, respectively (A, B),
demonstrated autofluorescence
in the bulge region. When a sur-
face view of the same region
is seen under a  20 objective with the same filters (C, D), the au-
tofluorescence localized to the peri-nuclear cytoplasmic region of the
keratinocytes. Autofluorescence was also seen under the DAPI filter
(  40 objective) (E). Scale bars: (A, B) 40 mm; (C, D) 20 mm; (E) 10 mm.
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